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2  Study area and research methodology






6.	Mandi	Baha-ud-DinTable 1. Sample distribution by zero-tillage promotion category for village.
      Sample villages      Sample farmers
  Tehsil   by promotion category (#)    by promotion category (#)
District  (sub-district)  Promoted  Non-promoted  Overall  Promoted  Non-promoted  Overall
Gujranwala	 Gujranwala	 4	 3	 7	 34	 27	 61
	 Nowsshera	 4	 2	 6	 36	 17	 53
Hafizabad*	 Hafizabad	 0	 5	 5	 0	 41	 41
Lahore	 Lahore	 1	 1	 2	 8	 9	 17
Mandi	Bahudin*	 Mandi	Bahudin	 0	 3	 3	 0	 18	 18
	 Phalia	 0	 3	 3	 0	 26	 26
Sheikhupura	 Ferozewala	 3	 3	 6	 26	 31	 57
	 Nankana	Sahib	 3	 2	 5	 21	 30	 51
	 Safdar	Abad	 1	 0	 1	 15	 0	 15
	 Sheikhupura	 2	 0	 2	 25	 0	 25
Sialkot	 Daska	 6	 5	 11	 51	 43	 94



















































































































Table 2. Sample distribution across administrative boundaries and adoption category.
        Sample farmers by
        adoption category (#)
  Tehsil      Non-     Sample
District  (sub-district)  Villages  Adopters  adopters  Disadopters  size
Gujranwala	 Gujranwala	 7	 17	 38	 6	 61
	 Nowsshera	 6	 9	 30	 14	 53
Hafizabad	*	 Hafizabad	 5	 8	 28	 5	 41
Lahore	 Lahore	 2	 0	 14	 3	 17
Mandi	Bahudin	*	 Mandi	Bahudin	 3	 2	 15	 1	 18
	 Phalia	 3	 2	 24	 0	 26
Sheikhupura	 Ferozewala	 6	 15	 30	 12	 57
	 Nankana	Sahib	 5	 13	 29	 9	 51
	 Safdar	Abad	 1	 5	 9	 1	 15
	 Sheikhupura	 2	 7	 14	 4	 25
Sialkot	 Daska	 11	 11	 74	 9	 94




















































































Table 3. Sample breakdown for wheat plot level data by adoption 
category (rabi 2003-04).
      Non- 
    Adopters  adopters  Disadopters  Overall
No.	of	plots	with
	 no	till	wheat	data	 87	 -	 -	 87
No.	of	plots	with
	 conventional	wheat	data	 67	 304	 64	 435
Total	No.	of	plots	with





































Table 4. Sample breakdown for rice plot level data by adoption category 
(kharif 2003).
      Non-
Nature of the plot  Adopters  adopters  Disadopters  Overall
No.	of	plots	with	data
	 for	rice	sown	after
	 no	till	wheat	 60	 -	 42	 102
No.	of	plots	with	data
	 for	rice	sown	after
	 conventional	wheat	 71	 303	 52	 426
Total	no.	of	plots	with






















































































































































































































































Figure 2. Number of ZT drills sold per year by surveyed manufacturers 
[columns] and number of ZT drill manufacturers (lines) in Punjab, 
1994-2003.
Table 5. Breakdown of sample by zero-tillage adoption category (rabi 
2003-04).










































































































































































































Table 6. Distribution of zero-tillage adoption category (% farmers, row wise) across sample districts.
Districts  Adopters (n=89)  Non-adopters (n=305)  Disadopters  (n=64)  Overall (n=458)  Significance
Sheikhupura	 27.0	 55.4	 17.6	 100	(n=148)	 0.00
Gujranwala	 22.8	 59.6	 17.5	 100	(n=114)
Hafizabad*	 19.5	 68.3	 12.2	 100	(n=41)
Sialkot	 11.7	 78.7	 9.6	 100	(n=94)
Lahore	 0.0	 82.4	 17.6	 100	(n=17)
Mandi	Baha-ud-din*	 9.1	 88.6	 2.3	 100	(n=44)	


































































Figure 3. ZT adoption rates by survey locations within Punjab Province, 
Pakistan. 
Table 7. Distribution of villages by zero-tillage adoption category (# of 
villages).
  Adopters  Non-adopters  Disadopters
#	of	villages	where	adoption
category	dominates	(n=50)1	 6	 42	 2
#	of	villages	by	adoption	category:	 	 	
	 with	100%	of	adoption	category	 	1	 	6	 0
	 intermediate	 32	 42	 33
	 with	0%	 17	 	2	 17













































































-  Prolonged disadopters:	Farmers	who	have	used	ZT	in	
the	past	but	did	not	use	ZT	in	the	survey	and	the	
preceding	year.
-  Undefined disadopters: Farmers	who	stopped	using	
ZT	in	the	survey	year	but	used	ZT	in	the	preceding	
year.
-  Intermittent adopters:	Farmers	who	continue	to	use	
ZT	in	survey	year,	but	with	interruption	since	first	
use.





























































































Table 8. Categorization of zero-tillage users based on adoption history 
(% of farmers, adopters and disadopters only, n=151).
    Adoption history over time
# of years  Prolonged  Undefined  Inter- 
with ZT  dis-  dis-  mittent  Continuous
plot data  adopters  adopters  adopters  adopters  Overall
1	 7.9%	 23.8%	 0.7%	 13.9%	 46.4%
2	 1.3%	 6.6%	 2.0%	 17.9%	 27.8%
3	 	 1.3%	 0.7%	 12.6%	 14.6%
4	 	 1.3%	 	 6.6%	 7.9%
5	 	 	 	 3.3%	 3.3%
Total  9.3%  33.1%  3.3%  54.3%  100.0%
Figure 5. ZT share of total wheat area per ZT farm over time for different 




Table 9. Evolution of wheat area share with zero-tillage drill by adoption 
category.
  Current  Current
Years  adopters  disadopters  Overall  Significance
2003-04	 74%	(80)	 -	 74%	(s.d.=35,	n=80)	 -
2002-03	 76%	(56)	 59%	(45)	 69%	(s.d.=32,	n=101)	 .01
2001-02	 64%	(26)	 67%	(16)	 65%	(s.d.=33,	n=42)	 NS
2000-01	 76%	(12)	 74%	(7)	 76%	(s.d.=26,	n=19)	 NS
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(26%),	less	common	for	disadopters	(14%)	and	 Table 10. Evolution of wheat area share with zero-tillage drill (%) by zero-
tillage drill access and tractor ownership.
    By ZTD access     By tractor ownership
  Current  Current      Non-
  ZTD  ZTD    Tractor  tractor
  owner  rental user  Overall  owner  owner  Overall
2003-04	 77	(23)	 74	(57)	 74	(s.d.=35,	 73	(50)	 77	(30)	 74	(s.d.=35,	
	 	 	 n=80,	NS)	 	 	 n=80,	NS)
2002-03	 85	(28)	 63	(74)	 69	(s.d.=32,	 68	(64)	 70	(38)	 69	(s.d.=32,	
	 	 	 n=102,	p=0.00)	 	 	 n=101,	NS)
2001-02	 76	(14)	 59	(28)	 65	(s.d.=33,	 64	(27)	 66	(15)	 65	(s.d.=33,
	 	 	 n=42,	p=0.12)	 	 	 n=42,	NS)
2000-01	 81	(9)	 70	(10)	 76	(s.d.=26,	 77	(16)	 67	(3)	 76	(s.d.=26,
	 	 	 n=19,	NS)	 	 	 n=19,	NS)
1999-00	 78	(5)	 56	(1)	 74	(s.d.=31,	 78	(5)	 56	(1)	 74	(s.d.=31,	





Figure 6. Aggregate ZT wheat area for 50 survey villages and ZT wheat 
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Table 11. Zero-tillage drill (ZTD) and tractor ownership by adoption category. 
    Adopters  Non-adopters  Disadopters  Sample mean 
    (n=89)  (n=305)  (n=64)  (std.dev., n=458)  Significance
% household reporting          
	 Tractor	 58%	 37%	 61%	 45%	 0.00
	 Zero-tillage	drill	 26%	 1%	 14%	 7%	 0.00
# per household         
	 Tractor	 0.65b	 0.39a	 0.66b	 0.48(±0.57)	 0.00







































































Figure 7. Annual aggregate ZT area for 50 surveyed villages (ha) by 
ZTD ownership.
Table 12. Zero-tillage drill use indicators for 50 surveyed villages in 
Punjab, 2000-2004.
      Std.  Minimum  Maximum    Unused/
  Year  Meanb  Deviation  (n) c  (n) c  N  total ZTD
ZTD	use	 2004	 30.4	 25.4	 1.6	 109.3	 36	 19/55
(ha)a	 2003	 35.7	 22.5	 2.0	 91.1	 48	 8/56	
	 2002	 43.1	 34.1	 1.6	 176.4	 46	 8/54	
	 2001	 46.0	 30.0	 2.4	 121.4	 25	 	
	 2000	 36.1	 25.7	 0.8	 80.9	 9	
Own	farm	 2004	 48%	 41%	 0%	(6)	 100%	(12)	 36
share	of	 2003	 47%	 38%	 0%	(3)	 100%	(13)	 48
ZTD	use	a	 2002	 52%	 39%	 0%	(1)	 100%	(16)	 46	
	 2001	 60%	 41%	 7%	 100%	(12)	 25	
	 2000	 83%	 34%	 16%	 100%	(7)	 9	
ZTD	rental	 2004	 1069	a	 144	 865	 1236	 26
charge	 2003	 993	b	 160	 741	 1236	 29
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Table 13. Zero-tillage promotional activities by OFWM over time.
  ZT trained farmers  ZT demos  ZT farmer field days
1997	 856	 78	 6
1998	 1,789	 189	 13
1999	 2,721	 356	 26
2000	 3,322	 778	 47
2001	 5,089	 1,120	 64
2002	 7,500	 0	 78
2003	 9,500	 0	 49































































































4  Understanding adoption of zero-tillage
Table 14. Distance of sample villages (km) from different locations of 
agricultural importance.
    Adoption Category   
    Non-    Overall
  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
Location type  (n=89)  (n=305)  (n=64)  n=458)  cance
District	headquarters	 26.6a	 27.8a	 31.4b	 28.1	(±14.3)	 0.10
Agri.	research	station	 60.5a	 70.6b	 58.7a	 66.9	(±39.6)		 0.02
Agri.	extension	office		 9.5	 9.4	 9.1	 9.4	(±5.2)		 NS
Grain	market	 8.1	 7.4	 7.7	 7.5	(±5.4)		 NS





































Table 15. Age, farming experience and family composition of sample 
farmer by adoption category.
    Non-    Overall
  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
Characteristics  (n=89)  (n=305)  (n=64)  n=458)  cance
Age	(yrs.)	 41.5	 44.8	 43.7	 44.0	(±14.5)	 0.18
Farming	 19.8	 22.8	 19.7	 21.8	(±14.3)	 0.09
			experience	(yrs.)	
Family	size	(#)	 11.6	 10.3	 11.6	 10.7	(±6.09)	 0.10
	Adult	men	(#)	 3.4	 3.4	 4.1	 3.5	(±2.8)		 0.17
	Adult	women	(#)	 2.9	 2.8	 3.2	 2.8	(±1.6)	 0.13
	Children	(#)	 5.3b	 4.2a	 4.3a	 4.4	(±3.5)	 0.03
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	
comparison.
Table 16. Educational status of the household head by adoption 
category.
    Non-
Educational  Adopters  adopters  Disadopters  Overall  Signifi-
groups  (n=89)  (n=305)  (n=64)  (n=458)  cance
Illiterate	(%)	 20.2	 34.1	 23.4	 29.9	 0.03
Primary	school	(%)	 20.2	 21.6	 26.6	 22.1
Secondary	school	(%)	 39.3	 33.8	 29.7	 34.3
Higher	(%)	 20.2	 10.5	 20.3	 13.8
Total	(%)	 100.0	 100.0	 100.0	 100.0





Table 17. Distribution of castes in the study area by adoption category.
  Adopters  Non-adopters  Disadopters  Overall  Signifi-
Castes  (n=89)  (n=305)  (n=64)  (n=458)  cance
Jat	(%)	 39.8	 50.2	 32.8	 45.7	 0.36
Rajput	(%)	 21.6	 18.4	 23.4	 19.7
Arain	(%)	 8.0	 5.2	 9.4	 6.3
Gujar	(%)	 3.4	 3.9	 4.7	 3.9
Other	(%)	 27.3	 22.3	 29.7	 24.3

































































Table 18. Organizational membership of sample farmers by adoption 
category. 
    Non-
  Adopters  adopters  Disadopters  Overall  Signifi-
  (n=89)  (n=305)  (n=64)  (n=458)  cance
Member	of:	 	 	 	 	
Zakat	Committee	 7.9%	 3.3%	 4.7%	 4.4%	 NS
Village	Organization	 3.4%	 3.6%	 3.1%	 3.5%	 NS
Water	Users	Association	3.4%	 1.6%	 3.1%	 2.2%	 NS
Market	Committee	 3.4%	 2.0%	 0.0%	 2.0%	 NS
Youth	Club	 1.1%	 1.0%	 1.6%	 1.1%	 NS
Any	of	the	above	 18.0%	 10.2%	 12.5%	 12.0%	 .14
Total	number	of	 0.19	 0.11	 0.13	 0.13	 NS
			memberships	 	 	 	 (±.39)	
Table 19. Possession of farm assets by adoption category.
    Non-
  Adopters  adopters  Disadopters  Overall  Signifi-
  (n=89)  (n=305)  (n=64)  (n=458)  cance
Assets	(%	reporting):	1	 	 	 	 	
	Tractor	 58.4	 37.0	 60.9	 44.5	(204)	 0.00
	Disc	/	Rotavator	 28.1	 18.4	 31.3	 22.1	(101)	 0.02
	Tubewell	 96.6	 92.1	 90.6	 92.8	(421)	 NS
	Combine	Harvester	 9.0	 2.6	 0.0	 3.5	(16)	 0.00
	Thresher	 25.8	 12.8	 31.3	 17.9	(82)	 0.00
	Spray	pumps	 50.6	 38.4	 57.8	 43.4	(199)	 0.01
	Bullocks	 3.4	 5.6	 1.6	 4.6	(21)	 NS
	Milk	animals	 94.4	 89.5	 90.6	 90.6	(415)	 NS
#	of	the	above	farm
			asset	categories	 3.7b	 3.0a	 3.6	b	 3.2	(±1.5)	 0.00
Assets	(#	per	household):	 	 	 	 	
	Tractor	 0.65b	 0.39a	 0.66b	 0.48(±0.57)	 0.00
	Disc	/	Rotavator	 0.30b	 0.19a	 0.33b	 0.23(±0.45)	 0.02
	Tubewell	 1.84b	 1.26a	 1.73b	 1.44(±1.03)	 0.00
	Combine	Harvester	 0.09b	 0.03a	 0.00a	 0.03(±0.18)	 0.00
	Thresher	 0.27b	 0.13a	 0.31b	 0.18(±0.39)	 0.00
	Spray	pumps	 0.65b	 0.42a	 0.73b	 0.51(±0.70)	 0.00
	Bullocks	 0.07	 0.09	 0.03	 0.08(±0.38)	 NS





























































Table 20. Livestock characteristics by adoption category.
    Non-
  Adopters  adopters  Disadopters  Overall  Signifi-
Animal types  (n=89)  (n=305)  (n=64)  (n=458)  cance
Possession (% reporting):  	 	 	 	
Buffalo	 92%	 89%	 88%	 89%	 NS
Cow	 44%	 40%	 50%	 42%	 NS
Young	buffalo/cow	stock	 81%	 73%	 75%	 75%	 NS
Sheep/goats	 10%	 13%	 11%	 12%	 NS
Any	of	above	 97%	 92%	 92%	 93%	 NS
# of animals:         
Buffalo	milking	 3.60b	 2.48a	 3.36b	 2.82	(±2.70)	 0.00
Buffalo	dry	 2.22b	 1.41a	 2.45b	 1.72	(±2.58)	 0.00
Cow	milking	 0.91	 0.74	 1.05	 0.82	(±1.93)	 NS
Cow	dry	 0.44	 0.50	 0.77	 0.53	(±1.55)	 NS
Young	buffalo/cow	stock	 3.64	 2.95	 3.31	 3.14	(±3.73)	 NS
Sheep/goats	 0.28	 0.28	 0.28	 0.28	(±0.94)	 NS
Total	animal	heads	 11.09b	 8.36a	 11.22b	 9.29	(±8.78)	 0.01







Table 21. Possession of household assets by adoption category.
    Non-
  Adopters  adopters  Disadopters  Overall  Signifi-
Asset type  (n=89)  (n=305)  (n=64)  (n=458)  cance
Assets (% reporting):1         
	Sewing	machine	 87.6	 84.9	 87.5	 85.8	(393)	 NS
	Television	 74.2	 48.5	 67.2	 56.1	(257)	 0.00
	Refrigerator	 61.8	 39.0	 60.9	 46.5	(213)	 0.00
	Tape	recorder	 40.4	 30.8	 39.1	 33.8	(155)	 0.15
	Radio	 36.0	 30.5	 32.8	 31.9	(146)	 NS
	Telephone	 48.3	 24.6	 42.2	 31.7	(145)	 0.00
	Bicycle		 67.4	 58.7	 48.4	 59.0	(270)	 0.06
	Motorcycle/scooter	 37.1	 23.3	 40.6	 28.4	(130)	 0.00
	Car/motor	vehicle	 22.5	 7.2	 15.6	 11.4	(52)	 0.00
#	of	the	above	household
			asset	categories	 4.8b	 3.5a	 4.3b	 3.8	(±2.2)	 0.00
Assets (# per household):         
	Sewing	machine	 0.99	 0.89	 0.89	 0.91(±0.63)	 NS
	Television	 0.79b	 0.49a	 0.67b	 0.57(±0.52)	 0.00
	Refrigerator	 0.70b	 0.39a	 0.61b	 0.48(±0.54)	 0.00
	Tape	recorder	 0.43	 0.31	 0.39	 0.34(±0.49)	 0.11
	Radio	 0.37	 0.31	 0.33	 0.33(±0.48)	 NS
	Telephone	 0.54b	 0.25a	 0.42b	 0.33(±0.52)	 0.00
	Bicycle		 0.80b	 0.63a	 0.48a	 0.64(±0.64)	 0.01
	Motorcycle/scooter	 0.45b	 0.24a	 0.41b	 0.31(±0.53)	 0.00
















































Table 22. Characteristics of tubewells by adoption category.
        Sample
    Non-    mean
  Adopters  adopters  Disadopters  (std. dev.,   Signifi-
  (n≤77)  (n≤268)  (n≤55)  n≤400)  cance
Power source tubewell
   (n=395)a         
Electric	 14%	 6%	 16%	 9%	 .01
Diesel	 86%	 95%	 84%	 92%		 .01
Position pump (n=396)         
Surface	 77%	 74%	 73%	 75%	 NS
Submerged	 23%	 26%	 27%	 26%		 NS
Depth (m)         
water	table	 12.5	 14	 12	 14	(±17,	n=400)	 NS
tubewell	 33	a	 33	a	 36	b	 33.5	(±11,	n=528)	 0.03
Rental	rate	tubewell
			(PKR/hr)	 75	 90	 91	 89	(±42,	n=34)	 NS
Diesel	consumption
			tubewell	(l/hr)	 2.1	 2.1	 2.0	 2.1	(±.8,	n=358)	 NS
Pump size (HP, n=397)          
<	16	HP	 16%	 16%	 22%	 17%	
16	HP	 49%	 51%	 44%	 50%	
>16	HP	 35%	 32%	 35%	 33%	
Diameter of tubewell
   inlet tube (n=402)         
<	10.2	cm	(4”)	 4%	 6%	 5%	 5%	
10.2	cm	(4”)	 41%	 47%	 45%	 45%	
12.7	cm	(5”)	 51%	 45%	 50%	 47%	
>12.7	cm	(5”)	 4%	 2%	 0%	 2%	
Diameter of tubewell
   outlet tube (n=403)         
<12.7	cm	(5”)	 32%	 42%	 39%	 40%	
12.7	cm	(5”)	 53%	 39%	 39%	 42%	




























Table 23. Land holding and tenure status (ha) by adoption category
(rabi 2003-04).
    Non-    Overall
Land tenure  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
category  (n=89)  (n=305)  (n=64)  n=458)  cance
A.	Owner	cultivated	 14.53c	 4.68a	 9.99b	 7.33	(±11.32)	 0.00
B.	Net	rented/shared	in	 1.77	 1.61	 0.72	 1.51	(±8.02)	 NS
Of which:         
	 B1.	Area	rented-in		 2.76	 1.79	 1.70	 1.97	(±5.36)	 NS
	 B2.	Area	rented-out	 -1.14b	 -0.34a	 -0.91ab	 -0.57	(±2.82)	 0.04
	 B3.	Area	shared-in	 0.83	 0.29	 0.08	 0.36	(±2.72)	 0.17
	 B4.	Area	shared-out	 -0.68b	 -0.13a	 -0.17a	 -0.24	(±1.98)	 0.07
C.	Total	operational
	 holding	(A+B)	 16.29c	 6.28a	 10.69b	 8.84	(±12.01)	 0.00
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	
comparison.
Table 24. Share of land owned and land tenure status by adoption 
category. 
    Non-    Sample mean 
  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
  (n=89)  (n=305)  (n=64)  n=458)  cance
Share	operational	 75%	 75%	 83%	 76%	(±35)	 NS
			area	owned
Tenancy	status	 	 	 	 	 NS
			Owner	operator	 57%	 60%	 64%	 60%	
			Owner-cum-tenant	 36%	 32%	 33%	 33%	
			Tenant	 7%	 8%	 3%	 7%	
























Table 25. Land use intensity, fallowing and irrigation source by season 
and by adoption category. 
        Sample
    Non-    mean 
  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
  (n=89)  (n=305)  (n=64)  n=458)  cance
Land use intensity (LUI)1        
Kharif	2003	 96%	 96%	 93%	 95%	(±12)	 NS
Rabi	2003-04	 96%	 97%	 97%	 97%	(±10)	 NS
Annual	 192%	 193%	 190%	 192%	(±17)	 NS
Fallow (% reporting)         
		Kharif	2003	 22.5	 18.4	 20.3	 19.4	 NS
		Rabi	2003-04	 			27.0b	 		15.4a	 				20.3ab	 18.3	 0.04
		Annual	 32.6	 23.0	 29.7	 25.8	 0.14
Fallow area (ha)         
		Kharif	2003	 	0.60ab	 0.37a	 0.88c	 0.49	(±1.55)	 0.05
		Rabi	2003-04	 0.60b	 0.26a	 		0.44ab	 0.35	(±1.34)	 0.10
Share operational area
   by irrigation source –
   kharif 2003
Canal	only	 3%	 3%	 0%	 3%	(±15)	 NS
Tubewell	only	 25%a	 38%b	 24%a	 34%	(±46)	 0.01
Both	canal	&	tubewell	 71%b	 59%a	 75%b	 64%	(±47)	 0.01
Share operational area
   by irrigation source –
   rabi 2003-04         
Canal	only	 1%	 2%	 0%	 2%	(±11)	 NS
Tubewell	only	 51%ab	 58%b	 42%a	 55%	(±49)	 0.03
































































Table 26. The cropping pattern (% area) on sample farms by adoption 
category.
    Non-    Overall
Seasons /   Adopters  adopters  Disadopters  (std.dev.,  Signifi-
Crop name  (n=89)  (n=305)  (n=64)  n=458)  cance
Kharif 2002-03:         
Rice	 82.3b	 70.8a	 74.8a	 73.6	(±23.5)	 0.00
			Super Basmati	 67.1b	 55.5a	 63.7b	 58.9	(±28.0)	 0.00
			Basmati-386	 10.8	 11.0	 7.7	 10.5	(±17.3)	 NS
			Other basmati	 4.1	 4.1	 2.8	 3.9	(±10.9)	 NS
			Coarse varieties	 0.3	 0.3	 0.6	 0.3	(±2.7)	 NS
Sunflower	 0.0	 0.6	 0.3	 0.4	(±3.9)	 NS
Fodder	 9.1a	 17.8b	 10.5a	 15.1	(±15.0)	 0.00
Pulses	 1.5	 1.6	 1.7	 1.6	(±7.3)	 NS
Vegetables	 1.6	 2.5	 0.8	 2.1	(±8.4)	 NS
Other	kharif	crops	 0.6	 0.5	 1.5	 0.7	(±5.0)	 NS
Fallow	 5.0a	 6.2a	 10.5b	 6.5	(±14.0)	 0.04
Total	season	 			100	 100	 100	 100	
Rabi 2003-04:         
Wheat	 79.8b	 71.5a	 75.9ab	 73.7	(±20.3)	 0.00
Berseem		 10.9a	 16.9b	 12.9a	 15.2	(±13.5)	 0.00
Potato	 0.7	 0.7	 1.4	 0.8	(±4.7)	 NS
Pulses	 0.2	 0.1	 0.4	 0.2	(±1.8)	 NS
Vegetables	 0.9	 1.0	 0.4	 0.9	(±4.8)	 NS
Oats	 0.4	 1.0	 1.3	 0.9	(±4.4)	 NS
Melon	 1.4	 0.8	 0.6	 0.9	(±4.8)	 NS
Other	 3.3	 4.4	 3.3	 4.0	(±11.4)	 NS
Fallow	 2.4	 3.6	 3.9	 3.4	(±9.2)	 NS
Total	season	 100	 100	 100	 100	
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	
comparison.
Table 27. Soil type and drainage categories by adoption category. 
        Sample
    Non-    mean 
  Adopters  adopters Disadopters  (std.dev.,  Signifi-
  (n=89)  (n=305)  (n=64)  n=458)  cance
Main soil type
   (multiple response)a	 	 	 	 	 NA
			Sandy	loam	 28%	 43%	 36%	 39%	
			Loam	 22%	 16%	 17%	 17%	
			Clay	 10%	 7%	 9%	 8%	
			Clayee	low	lying
						(‘chamb’)	 4%	 4%	 2%	 3%	
Hard/saline	(‘kalrathi’)	 37%	 32%	 23%	 32%	
Clayee	(‘rohi’/’pacci’)	 11%	 8%	 17%	 10%	
Only	(sandy)	loam
			soil	type	 37%	 51%	 50%	 48%	 0.07








































Table 28. Relative contribution of labor sources to overall farm labor use 
(% share) by adoption category.
    Non-    Overall
  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
Labor type  (n=89)  (n=305)  (n=64)  n=458)  cance
Family	 48a	 72c	 55b	 65	(±31)	 0.00
Permanent	hired	 26b	 10a	 23b	 15	(±24)	 0.00
Casual	hired	 26b	 19a	 22a	 21	(±20)	 0.01








































Table 29. Sources of credit by adoption category (% household reporting).
     Non-
  Adopters  adopters  Disadopters  Overall  Signifi-
  (n=89)  (n=305)  (n=64)  (n=458)  cance
Credit source:         
	 Commercial	bank	 3.4%	 3.0%	 3.1%	 3.1%	 NS
	 Zari	Taraqiati
	 Bank	Ltd	(ZTBL)	 20.2%	 16.1%	 31.3%	 19.0%	 .02
	 Arthya	or
	 Commission	Agent	 29.2%	 29.5%	 26.6%	 29.0%	 NS
	 Input	Dealers	 0.0%	 0.7%	 0.0%	 0.4%	 NS
	 Friends	/	Relatives	 0.0%	 1.3%	 1.6%	 1.1%	 NS
Any	credit	source	 49%	 45%	 55%	 47%	 NS
Any	formal
	 credit	source	 22%	 19%	 34%	 22%	 0.03
Any	informal	
	 credit	source	 29%	 31%	 28%	 31%	 NS
Table 30. Amount of credit from different sources by adoption category 
(000 PKR).
  Adopters  Non-adopters  Disadopters  Overall  Signifi-
  (n=89)  (n=305)  (n=64)  n=458)  cance
Formal	credit	 31	 23	 23	 24	(±89)	 NS
Informal	credit		 22	 19	 12	 19	(±47)	 NS
Total	credit		 53	 42	 35	 43	(±111)	 NS
Table 32. Percent share of farm and non-farm sources in household 
income by adoption category.
    Non-    Overall
  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
Income source  (n=89)  (n=305)  (n=64)  n=458)  cance
Farm	income	 85.3b	 77.3a	 84.4b	 79.9	(±25.3)	 0.01
Non-farm	income	 14.7a	 22.6b	 15.6a	 20.1	(±25.3)	 0.01
Sum	 100.0	 100.0	 100.0	 100.0
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	
comparison.
Table 33. Relative contribution of farm sources to farm income (% share) 
by adoption category.
    Non-    Overall
Farm income  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
sources  (n=89)  (n=305)  (n=64)  n=458)  cance
Rice	production	 53.9b	 49.6a	 54.1b	 51.1(±15.4)	 0.02
Wheat	production	 32.2	 32.1	 31.8	 32.1(±11.2)	 NS
Pulses	production	 0.0	 0.1	 0.0	 0.1(±1.6)	 NS
Vegetable	production	 0.4	 0.6	 0.2	 0.5(±3.2)	 NS
Sugarcane	production	 0.8	 2.2	 0.8	 1.7(±8.1)	 NS
Other	crops	 1.9	 2.5	 2.0	 2.3(±8.5)	 NS
Sale	of	live	animals	 2.6	 3.2	 3.8	 3.2(±6.0)	 NS
Sale	of	milk	 8.1	 9.7	 7.2	 9.1(±13.6)	 NS
Total	farm	 100.0	 100.0	 100.0	 100.0
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	
comparison.
Table 31. Selected credit indicators by adoption category (non-zero 
values only).
          Sample
      Non-    mean  Signifi-
    Adopters  adopters  Disadopters  (std.dev.n)  cance
Duration credit (months)        
	 Commercial	bank	 28	 8	 9	 12	(±18,	14)	 NS
	 Zari	taraqiati	bank	 20	 11	 11	 13	(±21,	83)	 NS
	 Money	lender	 5.8	 6.4	 6.2	 6.3	(±2.8,	129)	 NS
Interest rate (% p.a.)         
	 Commercial	bank	 10.7%	 9.8%	 9.0%	 9.9%	(±1.8,	14)	 NS
	 Zari	taraqiati	bank	 12.8%	 13.4%	 13.3%	 13.2%	(±1.7,	80)	 NS
	 Money	lender	 6.2%	 15.1%	 10.1%	 12.9%	(±12,	33)	 NSTable 35. Constraint index for zero-tillage adoption by adoption category (0: no constraint; 1: very serious constraint).
Factor groups /factors  Adopters  Non-adopters  Disadopters  Overall (std.dev., n)  Significance
Technical factors         
Reduced	yield	 0.12a	 0.35b	 0.50c	 0.32	(±0.46,458)	 0.00
Hardening	of	upper	soil	 0.02a	 0.10b	 0.14b	 0.09	(±0.28,458)	 0.01
Non-availability	of	high-quality	ZT	drills	 0.02a	 0.11b	 0.04a	 0.08	(±0.27,458)	 0.01
Standing	stubbles/crop	residues	at	time	of	planting	 0.12	 0.07	 0.07	 0.08	(±0.25,458)	 NS
Dense	population	of	weeds	at	the	time	of	planting	 0.04a	 0.04a	 0.10b	 0.05	(±0.19,458)	 0.04
Lack	of	appropriate	soil	moisture	at	time	of	planting	 0.02	 0.03	 0.05	 0.03	(±0.15,458)	 NS
Lack	of	local	manufacturing/repair	facility	for	ZT	drills	 0.01	 0.02	 0.01	 0.02	(±0.12,458)	 NS
Risk	of	increased	problem	with	insect	pests	and	diseases	 0.00	 0.01	 0.01	 0.01	(±0.06,458)	 NS
Other	 0.04a	 0.18b	 0.03a	 0.13	(±0.33,458)	 0.00
ZT	not	available	on	rented	basis	 0.00	 0.09	 -	 0.07	(±0.25,394)	 0.00
Early	harvesting	of	rice	 0.01	 0.02	 -	 0.02	(±0.10,394)	 NS
Straw	burning	 0.00	 0.02	 -	 0.01	(±0.11,394)	 0.18
No	significant	difference	in	yield	 -	 -	 0.09	(±0.27,64)	 -	 NA
Increased	weed	problem	following	adoption	of	ZT	 -	 -	 0.08	(±0.26,64)	 -	 NA
No	significant	cost	savings	 -	 -	 0.07	(±0.22,64)	 -	 NA
Increased	irrigation	water	requirement	 -	 -	 0.05	(±0.19,64)	 -	 NA
Extension factors         
Lack	of	technical	assistance	from	extension	worker	 0.04a	 0.10b	 0.02a	 0.08	(±0.25,458)	 0.01
Non-availability	of	extension	literature	on	ZT	methods	 0.02	 0.05	 0.02	 0.04	(±0.17,458)	 NS
Lack	of	coverage	of	ZT	method	by	mass	media	 0.03	 0.04	 0.02	 0.04	(±0.16,458)	 NS
Financial factors         
High	cost	of	ZT	drill	 0.02a	 0.09b	 0.03a	 0.07	(±0.25,458)	 0.02
Farmer	lacks	resources	to	purchase	ZT	drill	 0.02	 0.05	 0.04	 0.04	(±0.18,458)	 NS
No	credit	available	for	purchasing	ZT	drill	 0.02	 0.02	 0.01	 0.02	(±0.12,458)	 NS
No	credit	available	for	purchasing	other	inputs	 0.00	 0.02	 0.00	 0.01	(±0.10,458)	 NS





































Table 34. Relative contribution of non-farm sources to non-farm income 
(% share) by adoption category.
    Non-    Sample mean
Non-farm  Adopters  adopters  Disadopters  (std.dev.,  Signifi-
income source  (n=39)  (n=140)  (n=22)  n=221)  cance
Family	business	 17%	 18%	 18%	 18%	(±36)	 NS
Farm	machinery	 11%	 9%	 7%	 9%	(±27)	 NS
Employment	on
			other	farms	 8%	 4%	 5%	 4%	(±20)	 NS
Non-agricultural
			employment	 29%	 34%	 39%	 33%	(±46)	 NS
Remittances	 8%	 12%	 14%	 12%	(±31)	 NS
Other	 28%	 24%	 18%	 24%	(±42)	 NS













































































































































































Table 36. Descriptive statistics for variables used in empirical models.
Var.  Description  Mean  Std.dev.  Min.  Max.  Cases
	 Independent	variables	 	 	 	 	
NDISDTHQ	 Distance	to	district	headquarters	(km)	 28.1	 14.1	 1	 80	 458
DDZTPROM	 ZT	Promotion	in	district	(1:yes,	0:no)	 0.81	 0.39	 0	 1	 458
NRAOPER	 Farm	size	(total	operational	holding,	rabi	2003-04,	ha)	 8.85	 12.01	 0.20	 121.4	 458
DRLISOIL	 Only	(sandy)	loam	soils	(1:yes,	0:no)	 0.48	 0.50	 0	 1	 458
NRPCANAL	 Share	operational	area	with	canal	irrigation	 0.45	 0.49	 0	 1	 458
ICASSET	 Asset	index	(number	of	assets	owned	by	household/16)	 0.44	 0.20	 0	 1	 458
DCREDFOR	 Any	formal	credit	source	(1:yes,	0:no)	 0.22	 0.41	 0	 1	 458
NAGE	 Age	of	household	head	 44.0	 14.5	 17	 85	 457
CEDUCATN	 Education	index	for	household	head	 1.3	 1.0	 0	 3	 458
NFAMILY	 Family	size	 10.7	 6.1	 1	 59	 458
DJAT	 Household	head	belongs	to	prevailing	caste	(Jat	(Sikh),	1:yes,	0:no)	 0.46	 0.50	 0	 1	 458
NMEMBER	 Number	of	organizational	memberships	 0.13	 0.39	 0	 4	 458
NIRW	 Rice-wheat	specialization	index	(fraction	of	household	income	from	rice-wheat)	 0.66	 0.26	 .010	 1.00	 458
	 Dependent	variables	 	 	 	 	
ZTEVER	 Ever	used	ZT	(1:yes,	0:no)	 0.334	 0.472	 0	 1	 458











































































Table 37. Factors affecting zero-tillage use (2 binomial logit models, 
normalized on non-use of technology) 
  Model 1:  Model 2:



























































































5  Technical impact of zero-tillage technology
Table 38. Selected characteristics of wheat survey plots reported by adoption category.
      Wheat sown by conventional method
Items  Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall 
  (n=87)  (n=522)  (n=67)  (n=304)  (n=64)  Significance
Plot	size	(ha)	 8.28b	 7.54b	 4.06a	 7.16b	 5.59	(±8.67)	 0.00














5.1.1 Impact of zero-tillage on wheat 
management









Table 39. Soil categories of wheat survey plots reported by farmers.
Soil category    % of fields (n=522)
(Sandy) Loam soil types	 49.4%
	 Sandy	loam	(‘medium mera’)	 	 33.0%
	 Loam	(‘mera’)	 	 15.7%
	 Sandy	(‘light	mera’)	 	 0.8%
Other soil types	 50.6%
	 Hard/saline	(‘kalrathi’)	 	 28.9%
	 Clayee	(‘rohi’/’pacci’)	 	 8.0%
	 Clay	 	 6.7%
	 Clayee	low	lying	(‘chamb’)	 	 2.9%
	 Mixed	 	 4.0%
Table 40. Wheat establishment operations reported by plot category.
    Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Tillage operation  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
#	of	tillage	operations	with	tractor	(#/season)	 	 	 	 	 	
	 Disc	plowing	 0.00a	 1.36b	 1.72c	 2.33d	 1.46	(±1.53)	 0.00
	 Cultivator	plowing	 0.00a	 3.82c	 3.78c	 3.39b	 3.10	(±1.91)	 0.00
	 Planking	 0.00a	 2.81c	 2.62bc	 2.55b	 2.20	(±1.37)	 0.00
	 Mechanized	planting	 1.00	 0.00	 0.00	 0.00	 0.17	(±0.37)	 0.00

























































Table 41. Duration and diesel use of mechanized wheat establishment operation reported by plot category.
    Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Tillage operation  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Duration	of	tillage	operations	(tractor	hrs/ha)	 	 	 	 	 	
	 Plowing	 0.00a	 7.30b	 8.43c	 8.83c	 6.93	(±2.38)	 0.00
	 Planking	 0.00a	 2.02c	 1.74b	 1.75b	 1.49	(±1.01)	 0.00
	 Mechanized	Planting	 2.39b	 0.00a	 0.00a	 0.00a	 0.40	(±0.91)	 0.00
Total	duration	 2.39a	 9.32b	 10.18c	 10.58c	 8.80	(±4.43)	 0.00
Diesel	consumption	(l/ha)	 	 	 	 	 	
	 Plowing	 0.0a	 34.3b	 37.8c	 41.3d	 31.5	(±11.5)	 0.00
	 Planking	 0.0a	 7.7c	 6.8b	 7.1bc	 5.8	(±4.1)	 0.00
	 Mechanized	Planting	 7.2b	 0.0a	 0.0a	 0.0a	 1.2	(±2.7)	 0.00



















Table 42. Wheat seed and planting practices reported by adopter plot category.
        Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Items  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Planting	date	 Nov.	27th	 Nov.	24th	 Nov.	27th	 Nov.	26th	 Nov.	26th	(±14.7)	 NS
Labor	time	for	planting	(hrs/ha)	 2.37b	 1.55a	 1.55a	 1.53a	 1.68	(±0.61)	 0.00
Seed	rate	(kg	/	ha)	 119	 119	 117	 116	 117	(±14)	 NS
Main	variety	(%	reporting)	 	 	 	 	 	 0.11
	 Inqalab-91	 62.1%	 58.2%	 73.0%	 71.9%	 69.2%	
	 Watan	 37.9%	 40.3%	 24.3%	 25.0%	 28.7%	
	 Auqab-2000	 0.0%	 0.0%	 0.7%	 0.0%	 0.4%	
	 Other	 0.0%	 1.5%	 2.0%	 3.1%	 1.7%	
Seed	source	(%	reporting)	 	 	 	 	 	 NS
	 Own	 81.6%	 83.6%	 83.6%	 81.3%	 83.0%	
	 Purchased	 16.1%	 13.4%	 13.8%	 17.2%	 14.6%	
	 Own	+	purchased	 2.3%	 1.5%	 0.7%	 1.6%	 1.1%	
	 Neighbor	 0.0%	 0.0%	 1.6%	 0.0%	 1.0%	



































































Table 43. Wheat fertilization practices reported by plot category.
        Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Items  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Chemical	nutrient	application	rates	(kg	nutrient/ha)	 	 	 	 	 	
	 Nitrogen	(kg	N/ha)	 112	 118	 115	 119	 115	(±34)	 NS
	 Phosphorous	(kg	P2O5/ha)	 60.5	 60.4	 60.5	 60.8	 60.5	(±22.3)	 NS
	 Potash	(kg	K2O/ha)	 1.3	 0.6	 1.3	 0.8	 1.1	(±7.8)	 NS
	 Sulphur	(Kg	S/ha)	 1.19	 1.11	 0.34	 0.93	 0.65	(±4.59)	 NS
	 Total	nutrients	(kg	NPK/ha)	 174	 179	 177	 181	 177	(±45)	 NS
Main	types	of	chemical	fertilizer	(%	reporting)	 	 	 	 	 	
	 Urea	 100%	 100%	 100%	 100%	 100%	 NS
	 DAP	 92.0%	 89.6%	 90.1%	 85.9%	 89.8%	 NS
	 NP	 2.3%	 3.0%	 4.6%	 4.7%	 4.0%	 NS
	 NPK	 2.3%	 4.5%	 1.3%	 3.1%	 2.1%	 NS
	 Single	Super	Phosphate	 3.4%	 3.0%	 1.3%	 3.1%	 2.1%	 NS
	 Potash	 1.1%	 0.0%	 1.3%	 0.0%	 1.0%	 NS
FYM	(%	reporting)	 0.0%	 0.0%	 2.6%	 7.8%	 2.5%	 0.01
Qty.	of	FYM	applied	(t/ha)	 0	 0	 1.1	 2.5	 1.0	(±7.0)	 0.1135





































































Table 44. Wheat weed, pest, and disease management practices reported by plot category.
        Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Items  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Use	of	weed	control	(%	reporting)	 	 	 	 	 	
	 Hand	weeding	 2.3%	 4.5%	 3.9%	 3.1%	 3.6%	 NS
	 Herbicide	application		 71.3%	 76.1%	 79.3%	 92.2%	 79.1%	 0.02
	 Hand	or	herbicide	 71.3%	 76.1%	 80.6%	 92.2%	 79.9%	 0.01
Number	of	weed	controls	(#	applications/season)	 	 	 	 	 	
	 Hand	weeding	 0.02	 0.04	 0.04	 0.03	 0.04	(±0.19)	 NS
	 Herbicide	application		 0.74a	 0.79a	 0.84a	 1.06b	 0.84	(±0.49)	 0.00
	 Hand	or	herbicide	 0.76a	 0.84a	 0.88a	 1.09b	 0.88	(±0.53)	 0.00
Labor	use	for	manual	weeding	(man-days/ha)	 0.03	 0.04	 0.02	 0.04	 0.03(±0.30)	 NS




























Table 45. Wheat irrigation practices reported by plot category (adoption survey).
        Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Items  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Use	of	rauni	method	(%	reporting)	 0%	 14.9%	 14.1%	 14.1%	 11.9%	 0.00
Irrigation	source	(%	reporting)	 	 	 	 	 	 NS
	 Canal	 2.3%	 3.0%	 3.6%	 1.6%	 3.1%	
	 Tubewell	 72.4%	 74.6%	 74.3%	 68.8%	 73.4%	
	 Both	canal	and	tubewell	 25.3%	 22.4%	 22.0%	 29.7%	 23.6%	
Number	of	irrigations	(#	/	season)	 	 	 	 	 	
	 Canal		 0.46	 0.46	 0.53	 0.52	 0.51	(±0.94)	 NS
	 Tubewell	 2.79	 2.87	 2.87	 2.97	 2.87	(±0.99)	 NS
	 Total	 3.25	 3.33	 3.40	 3.48	 3.38	(±0.94)	 NS
Duration	of	irrigations	(hrs/ha)1	 	 	 	 	 	
	 1st	canal	(hrs/ha)	 7.9	 8.6	 8.4	 7.8	 8.3(±3.8,	n=128)	 NS
	 Subsequent	canal	(hrs/ha/irrig.)	 6.3	 7.8	 6.2	 5.7	 6.3	(±3.1,	n=95)	 NS
	 Total	canal	(hrs/ha/season)	 11.6	 13.9	 15.9	 11.4	 14.3	(±9.6,	n=128)	 0.15
	 1st	Tubewell	(hrs/ha)	 8.5a	 9.5b	 9.8b	 9.1ab	 9.4	(±3.4,	n=501)	 0.01
	 Subsequent	tubewell	(hrs/ha/irrig.)	 6.6	 7.1	 7.1	 6.3	 6.9	(±2.6,	n=487)	 0.13
	 Total	tubewell	(hrs/ha/season)	 21.0	 23.8	 24.1	 22.1	 23.3	(±11.2,	n=501)	 0.12
	 Total	canal	+	tubewell	(hrs/ha/season)	 23.4	a	 26.6	ab	 27.2	b	 25.3	ab	 26.3	(±12.4,	n=507)	 0.09
Estimated	water	use	(m3/ha)	 	 	 	 	 	
	 Irrigation	water2	 2480	 2760	 2830	 2630	 2740	(±1310)	 0.15
	 Gross	water	(rain	+	irrigation)3	 3510	 3790	 3860	 3660	 3770	(±1310)	 0.15


























































Table 46. Wheat harvesting practices reported by plot category.
        Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
Items  (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Harvesting	date	 April	30th	 April	29th	 April	30th	 April	30th	 April	30th	(±8)	 NS
Crop	duration	(days)	 153	 155	 153	 154	 153	(±16)	 NS
Harvesting	method	(%	report)1	 	 	 	 	 	
	 Manual	 33.3%	 52.2%	 57.9%	 46.9%	 51.7%	 0.00
	 Combine	 59.8%	 47.8%	 28.3%	 46.9%	 38.3%	 0.00
	 Reaper	 10.3%	 6.0%	 18.1%	 17.2%	 15.1%	 0.04
%	Area	harvested	by	method	 	 	 	 	 	
	 Manual		 33.9a	 48.2bc	 55.3c	 42.5ab	 49.2	(±49.2)	 0.00
	 Combine	 58.3c	 45.9b	 26.7a	 42.4b	 36.4	(±47.0)	 0.00
	 Reaper	 7.9ab	 6.0a	 18.0c	 15.1bc	 14.4	(±34.8)	 0.02
Harvesting	time	 	 	 	 	 	
	 Manual	(days/ha)	 12.4	 12.1	 12.1	 13.1	 12.2	(±2.6,	n=270)	 NS
	 Combine	(hrs/ha)	 1.21	 1.18	 1.28	 1.16	 1.23(±0.47,	n=183)	 NS
	 Reaper	(hrs/ha)	 2.68	 2.32	 2.53	 2.47	 2.53	(±0.43,	n=79)	 NS
Residue	management	(%	reporting)1	 	 	 	 	 	
	 Remove	 77.6%	 73.0%	 74.0%	 71.2%	 74.2%	 NS
	 Burn	 58.8%	 50.8%	 36.5%	 55.9%	 44.6%	 0.00
	 Left	in	field/incorporate	 14.1%	 15.9%	 23.1%	 11.9%	 19.2%	 0.09
1		 Column	sum	≥	100%	as	multiple	responses	possible.
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	comparison.
























































Table 47. Wheat productivity indicators by plot category (adoption survey).
        Wheat sown by conventional method
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall 
    (n=87)  (n=67)  (n=304)  (n=64)  (n=522)  Significance
Grain	yield
	 (ton	/	ha)	 3.24	 3.36	 3.23	 3.34	 3.26	(±.71)	 NS
Irrigation	water	productivity	indicators	 	 	 	 	 	
	 ton	/	irrigation	 1.07	 1.07	 1.02	 1.07	 1.04	(±.38)	 NS
	 kg	/	m3	 1.67	 1.47	 1.44	 1.55	 1.50	(±84)	 0.16






























Table 48. Reported wheat yields (t/ha) under different tillage systems over time (adoption survey, farmer recall).
  Zero-tillage  Rauni - Conventional tillage  Wadwater - Conventional tillage  Across technologies  Significance
2003	 3.24	(87)	x	 3.38	(72)	 3.26	(379)	y	 3.27	(±.71,	n=538)	 NS
2002	 3.1	(66)	a,x	 3.6	(31)	b	 3.0	(131)	a,x	 3.1	(±.9,	n=228)	 .00
2001	 3.3	(37)	a,x	 3.9	(19)	b	 3.2	(75)	a,xy	 3.3	(±.9,	n=131)	 .01
2000	 3.7	(18)	y	 3.3	(8)	 3.4	(30)	y	 3.5	(±.9,	n=56)	 NS
Across	years	 3.2	(±.8,	n=208)	 3.5	(±.8,	n=130)	 3.2	(±.8,	n=615)	 3.2	(±.8,	n=953)	
















5.2.1 Impact of zero-tillage wheat on subsequent 
rice crop management






















Table 49. Soil categories of rice survey plots reported by farmers.
Soil category    % of fields (n=528)
(Sandy) Loam soil types  48.1%
	 Sandy	loam	(‘medium	mera’)	 	 32.2%
	 Loam	(‘mera’)	 	 15.2%
	 Sandy	(‘light	mera’)	 	 0.8%
Other soil types  51.9%
	 Hard/saline	(‘kalrathi’)	 	 29.0%
	 Clayee	(‘rohi’/’pacci’)	 	 8.7%
	 Clay	 	 6.8%
	 Clayee	low	lying	(‘chamb’)	 	 2.8%
	 Mixed	 	 4.5%
Table 50. Selected characteristics of rice plots reported by adoption category.
      Rice sown after conventional wheat
  Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Plot	size	(ha)	 7.85b	 7.34b	 4.30a	 6.33ab	 5.60	(±8.25)	 0.00
(Sandy)	Loam	soil	type	(%	reporting)1	 41%	 39%	 52%	 54%	 48%	 .10
1	 	‘Mera’,	includes	sandy,	sandy	loam,	loam	soil	types.	Excludes	clay,	chamb,	saline/kalrathi,	pacci/hard	and	mixed	soil	types.	
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	comparison.
Table 51. Number of rice establishment operations reported by adoption category.
      Rice sown after conventional wheat
  Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Tillage	with	tractor	(#/season)	 	 	 	 	 	
	 Disc	plowing	 0.47b	 0.38ab	 0.19a	 0.60b	 0.31	(±0.83)	 0.00
	 Dry	cultivator	plowing	 2.83	 2.44	 2.68	 2.38	 2.65	(±1.86)	 NS
	 Dry	planking	 0.16	 0.14	 0.31	 0.21	 0.25	(±0.70)	 0.10
	 Wet	cultivator	plowing	 3.81	 3.90	 3.62	 3.96	 3.73	(±1.24)	 0.10
	 Wet	planking	 2.09	 2.18	 2.11	 2.23	 2.13	(±0.77)	 NS








































Table 52. Duration and diesel use of mechanized rice establishment operations reported by plot category.
        Rice sown after conventional wheat
    Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Tillage operation  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Duration of tillage operations (hrs/ha)           
	 Plowing	 13.7	 12.6	 12.7	 13.2	 12.9	(±4.5)	 0.19
	 Planking	 2.7	 2.9	 2.9	 2.7	 2.9	(±1.4)	 NS
Total	duration	(hrs/ha)	 16.5	 15.5	 15.6	 15.9	 15.8	(±5.1)	 NS
Diesel consumption for tillage operations (l/ha)           
	 Plowing	 57.7	ab	 54.5	ab	 53.4	a	 58.1	b	 54.9	(±16.5)	 0.06
	 Planking	 11.4	 12.1	 12.1	 12.3	 12.0	(±4.9)	 NS
Total	diesel	consumption	 69.0	 66.7	 65.5	 70.4	 66.8	(±19.0)	 0.19
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	comparison.
Table 53. Rice seed and planting practices reported by plot category.
        Rice sown after conventional wheat
    Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Transplanting	date	 July	6th	 July	7th	 July	6th		 July	6th	 July	6th	(±14)	 NS
Labor	time	for	transplanting	(days/ha)	 10.7	a	 11.7	b	 12.2	b	 11.7	b	 11.8	(±2.6)	 0.00
Seed	rate	(kg	/	ha)	 8.96	 8.86	 8.75	 9.00	 8.83	(±2.57)	 NS
Main	variety	(%	reporting)	 	 	 	 	 	 NS
	 Super	basmati	 92.2%	 93.0%	 84.8%	 88.5%	 87.7%	
	 Basmati-386	 3.9%	 5.6%	 8.9%	 5.8%	 7.2%	
	 Basmati-2000	 1.0%	 1.4%	 2.6%	 1.9%	 2.1%	
	 Basmati-385	 1.0%	 0.0%	 2.0%	 3.8%	 1.7%	
	 Super	Basmati	plus	other
	 (Bas386,	Bas2000,	IR9)		 2.0%	 0.0%	 1.6%	 0.0%	 1.3%	
Seed	source	(%	reporting)	 	 	 	 	 	 NA
	 Own	 75.5%	 78.9%	 75.6%	 71.2%	 75.6%	
	 Purchased	 20.6%	 19.7%	 21.5%	 23.1%	 21.2%	
	 Research	station/institute	 2.0%	 1.4%	 1.0%	 5.8%	 1.7%	
	 Neighbor	 0.0%	 0.0%	 2.0%	 0.0%	 1.1%	



























































Table 54. Rice fertilization practices reported by plot category.
        Rice sown after conventional wheat
    Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Chemical nutrient application rates (kg nutrient/ha)           
	 Nitrogen	(kg	N/ha)	 108b	 100ab	 94a	 103ab	 98	(±39)	 0.01
	 Phosphorous	(kg	P2O5/ha)	 25.9a	 36.7b	 36.8b	 27.2a	 33.7	(±32.4)	 0.01
	 Potash	(kg	K2O	/ha)	 0.85ab	 0.00a	 0.00a	 1.43b	 0.30	(±4.59)	 0.10
	 Zinc	(Kg	Zn/ha)	 0.26	 0.0	 0.06	 0.0	 0.09	(±0.87)	 0.12
	 Sulphur	(Kg	S/ha)	 0.86	 0.84	 0.91	 0.29	 0.83	(±4.71)	 NS
	 Total	nutrients	(kg	NPK/ha)	 135	 137	 130	 131	 132	(±57)	 NS
Main fertilizer types reported (% reporting)           
	 Urea	 100.0%	 94.4%	 95.7%	 100.0%	 96.8%	 0.06
	 DAP	 37.3%	 59.2%	 58.1%	 46.2%	 53.0%	 0.00
	 Single	Super	Phosphate	 2.9%	 4.2%	 3.6%	 1.9%	 3.4%	 NS
	 NP	 9.8%	 0.0%	 1.3%	 1.9%	 2.8%	 0.00
	 Potash	 1.0%	 0.0%	 0.0%	 1.9%	 0.4%	 0.13
	 NPK	 1.0%	 0.0%	 0.0%	 0.0%	 0.2%	 NS
	 Other/Zinc	Sulphate	 2.9%	 0.0%	 1.0%	 0.0%	 1.1%	 NS
FYM	use	(%	reporting)	 13.7%	 8.5%	 26.7%	 23.1%	 21.4%	 0.00





































Table 55. Rice weed, pest and disease management practices reported by plot category.
        Rice sown after conventional wheat
    Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Use of weed control (% reporting)           
	 Hand	weeding	 3.9%	 5.6%	 3.6%	 1.9%	 3.8%	 NS
	 Herbicide	application		 85.3%	 78.9%	 84.2%	 82.7%	 83.5%	 NS
	 Hand	or	herbicide	 86.3%	 80.3%	 85.1%	 82.7%	 84.5%	 NS
Number of weed controls (# applications/season)          
	 Hand	weeding	 0.04	 0.06	 0.04	 0.02	 0.04	(±0.21)	 NS
	 Herbicide	application		 0.87	 0.82	 0.88	 0.83	 0.86	(±0.43)	 NS
	 Hand	or	herbicide	 0.91	 0.87	 0.92	 0.85	 0.90	(±0.47)	 NS
Labor	use	for	manual	weeding	(man-days/ha)	 0.27	 0.59	 0.26	 0.14	 0.29	(±1.56)	 NS










































Table 56. Rice irrigation practices reported by plot category (adoption survey).
        Rice sown after conventional wheat
    Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Irrigation	source	(%	reporting)	 	 	 	 	 	 NS
	 Canal	 1.0%	 2.8%	 1.3%	 1.9%	 1.5%	
	 Tubewell	 36.3%	 43.7%	 48.5%	 42.3%	 44.9%	
	 Both	canal	and	tubewell	 62.7%	 53.5%	 50.2%	 55.8%	 53.6%	
Number	of	irrigations	(#/season)	 	 	 	 	 	
	 Canal		 6.0	 6.1	 4.6	 5.4	 5.2	(±6.8)	 NS
	 Tubewell	 28.0	 28.2	 30.3	 29.2	 29.5	(±12.3)	 NS
	 Total	 34.0	 34.3	 35.0	 34.6	 34.7	(±11.1)	 NS
Duration	of	irrigations	(hrs/ha)1	 	 	 	 	 	
	 1st	canal	(hrs/ha)	 7.4	 7.5	 8.7	 7.4	 8.1(±4.4,	n=263)	 0.16
	 	Subsequent	canal	(hrs/ha/irrig.)	 3.8	 3.4	 4.0	 3.2	 3.8	(±2.2,	n=259	 0.20
	 Total	canal	(hrs/ha/season)	 33.9	 36.0	 37.9	 32.9	 36.2	(±27.8,	n=263)	 NS
	 1st	Tubewell	(hrs/ha)	 9.6	 9.2	 9.9	 9.4	 9.8	(±2.8,	n=519)	 0.12
	 Subsequent	tubewell	(hrs/ha/irrig.)	 4.5	 4.2	 4.5	 4.1	 4.4	(±1.6,	n=519)	 NS
	 	Total	tubewell	(hrs/ha/season)	 134	 127	 142	 129	 137	(±72,	n=519)	 NS
	 Total	canal	+	tubewell	(hrs/ha/season)	 157	 142	 159	 148	 155	(±74,	n=499)	 NS
Estimated	water	use	(m3/ha)	 	 	 	 	 	
	 Irrigation	water	[a]	 16,200	 15,100	 16,600	 15,200	 16,200	(±7,700)	 NS
	 Gross	water	(rain	+	irrigation)	[b]	 18,600	 17,500	 19,000	 17,500	 18,600	(±7,700)	 NS









Table 57. Rice harvesting practices reported by plot category.
        Rice sown after conventional wheat
    Rice sown after  Adopters -non ZT  Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Harvesting	date	 Nov.	11th	 Nov.	10th	 Nov.	10th	 Nov.	13th	 Nov.11	(±16)	 NS
Crop	duration	after	transplanting	(days)	 130	 128	 129	 132	 129	(±20)	 NS
Harvesting	method	(%	report)1	 	 	 	 	 	
Manual	 10.8%	 16.9%	 27.7%	 11.5%	 21.4%	 0.00
Combine	 89.2%	 87.3%	 74.9%	 90.4%	 80.9%	 0.00
Area	harvested	by	method	(%)	 	 	 	 	 	
Manual		 10.8a	 13.9a	 25.9b	 10.6a	 19.9	(±39.4)	 0.00
Combine	 89.2b	 86.1b	 74.1a	 89.4b	 80.1	(±39.4)	 0.00
Operation	time2	 	 	 	 	 	
Manual	harvesting	(days/ha)	 13.3b	 10.8a	 11.4a	 13.6b	 11.6	(±2.6,n=114)	 0.02
Manual	threshing	(days/ha)	 14.8	 13.1	 13.9	 9.9	 13.7	(±4.1,n=47)	 NS
Combine	(hrs/ha)	 1.71ab	 1.54a	 1.80b	 1.62a	 1.72	(±0.63,n=434)	 0.02
Residue	management	(%	reporting)1	 	 	 	 	 	
Remove3	 84.2%	 81.7%	 83.0%	 90.2%	 83.8%	 NS
Burn	 67.6%	 63.4%	 50.2%	 59.6%	 56.3%	 0.00
































Table 58. Rice productivity indicators by plot category.
        Rice sown after conventional wheat
    Rice sown after   Adopters -non ZT  Non-adopters  Disadopters
    ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Grain	yield	(ton	/	ha)	 3.67b	 3.59ab	 3.47a	 3.46a	 3.52	(±.37)	 0.08
Irrigation	water	productivity	indicators	 	 	 	 	 	
	 kg	/	irrigation	 121	 113	 109	 113	 112	(±.37)	 0.16
	 kg	/	m3	 0.29	 0.32	 0.26	 0.28	 0.28	(±.19)	 0.16


































































































































































Table 59. Crop budget (000 PKR/ha) for wheat crop by plot category.
        Wheat sown by conventional method
    Adopters – ZT   Adopters–non ZT  Non-adopters  Disadopters
Items  plot (n=87)  plot (n=67)  (n=304)  (n=64)  Overall (n=522)  Significance
A. Gross value of output	 33.3	 34.4	 33.2	 33.9	 33.5	(±6.8)	 NS
	 Grain	 29.2	 30.3	 29.1	 30.1	 29.4	 NS
	 Straw	 4.1	 4.2	 4.1	 3.8	 4.1	 NS
B.  Total cost	 24.6a	 27.2b	 27.9c	 27.9c	 27.3	(±2.6)	 0.00
B1.	 	Land	preparation	 0.0	 2.8	 3.0	 3.2	 2.5	 0.00
	 Plowing	 0.0	 2.3	 2.5	 2.7	 2.1	 0.00
	 Planking	 0.0	 0.5	 0.5	 0.5	 0.4	 0.00
B2.	 	Crop	establishment	 2.5	 1.4	 1.3	 1.4	 1.5	 0.00
	 Seed	drill	 1.0	 0.0	 0.0	 0.0	 0.2	 0.00
	 Labor	for	planting	 0.2	 0.2	 0.2	 0.2	 0.2	 0.00
	 Seed	for	planting	 1.2	 1.2	 1.2	 1.2	 1.2	 0.08
Subtotal B1+B2	 2.5a	 4.2b	 4.3b	 4.6c	 4.0	(±1.1)	 0.00
B3.	Fertilizer	cost	 4.2	 4.3	 4.3	 4.5	 4.3	 NS
B4.	Plant	protection	cost	 0.6	 0.6	 0.6	 0.8	 0.6	 0.01
B5.	Irrigation	cost	 1.1	 1.2	 1.3	 1.2	 1.2	 NS
B6.	Harvesting	expenditures	 3.7	 4.2	 4.7	 4.1	 4.4	 0.00
B7.	Land	rent	 10.5	 10.5	 10.5	 10.5	 10.5	 NA
B8.	Interest	on	capital	invested	 2.0	 2.2	 2.3	 2.3	 2.3	 0.00
C. Net revenue [A-B]  8.7c  7.2bc  5.3a  6.0ab  6.2 (±6.6)  0.00
%	plots	with	positive	NR	 85%	 84%	 80%	 81%	 81%	 NS
Benefit:cost	ratio	[A/B]	 1.37c	 1.27b	 1.19a	 1.22ab	 1.23	(±0.26)	 0.00






































Table 60. Financial water productivity indicators for wheat by plot category.
        Wheat sown by conventional method
    Adopters – ZT   Adopters -non ZT  Non-adopters  Disadopters
Items  plot (n=87)  plot (n=67)  (n=304)  (n=64)  Overall (n=522)  Significance
Net revenue based  water productivity  indicators           
	 PKR	/	irrigation	 3,380b	 2,960ab	 2,370a	 2,730a	 2,660	(±2290)	 0.00
	 PKR	/	irrigation		m3		 5.6b	 4.2a	 3.4a	 4.1a	 4.0	(±4.0)	 0.00
	 PKR	/	gross	m3	(rain	+	irrigation)		 3.4b	 2.8a	 2.2a	 2.6a	 2.5	(±2.3)	 0.00
Gross revenue based  water productivity indicators          
	 PKR	/	irrigation	 11,000	 11,000	 10,500	 10,900	 10,700	(±3900)	 NS
	 PKR	/		irrigation	m3		 17.2	 15.2	 14.8	 15.7	 15.4	(±8.6)	 0.14















































Table 61. Crop budget (000 PKR./hectare) for rice crop by plot category.
        Rice sown after conventional wheat
    Rice sown after   Adopters-non ZT   Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
A. Gross value of output	 48.1b	 47.6ab	 45.6ab	 45.3a	 46.3	(±9.8)	 0.08
	 Grain	 45.6b	 44.9ab	 42.8a	 42.9a	 43.7	 0.05
	 Straw	 2.5a	 2.6ab	 2.7b	 2.5a	 2.6	 0.01
B. Total cost	 32.3	 31.8	 32.7	 31.9	 32.4	(±5.4)	 NS
B1.	Land	preparation	 3.9	 3.8	 3.7	 3.9	 3.8	 NS
	 Plowing	 3.3	 3.2	 3.1	 3.3	 3.2	 0.07
	 Planking	 0.6	 0.6	 0.6	 0.6	 0.6	 0.20
B2.	Crop	establishment	 1.2	 1.3	 1.3	 1.3	 1.3	 0.00
	 Seed	drill	 0.0	 0.0	 0.0	 0.0	 0.0	 NA
	 Labor	for	planting	 1.1	 1.2	 1.2	 1.2	 1.2	 0.00
	 Seed	for	planting	 0.1	 0.1	 0.1	 0.1	 0.1	 NS
  Subtotal B1+B2	 5.1	 5.1	 5.1	 5.2	 5.1	(±1.1)	 NS
B3.	Fertilizer	cost	 3.1	 3.2	 3.3	 3.1	 3.2	 NS
B4.	Plant	protection	cost	 1.4	 1.3	 1.3	 1.3	 1.3	 NS
B5.	Irrigation	cost	 6.9	 6.4	 7.2	 6.5	 7.0	 NS
B6.	Harvesting	expenditures	 2.7	 2.6	 2.7	 2.7	 2.7	 NS
B7.	Land	rent	 10.5	 10.5	 10.5	 10.5	 10.5	 NA
B8.	Interest	on	capital	invested	 2.7	 2.6	 2.7	 2.6	 2.7	 NS
C. Net revenue [A-B]  15.8  15.8  12.9  13.4  13.9 (±11.0)  0.05
%	plots	with	positive	NR	 95%	 94%	 89%	 89%	 91%	 0.19
Benefit:cost	ratio	[A/B]	 1.52b	 1.54ab	 1.43a	 1.46ab	 1.46	(±0.40)	 0.06















Table 62. Financial water productivity indicators for rice by plot category.
        Rice sown after conventional wheat
    Rice sown after   Adopters’–non ZT   Non-adopters  Disadopters
Items  ZT wheat (n=102)  plot (n=71)  (n=303)  (n=52)  Overall (n=528)  Significance
Net revenue based water productivity indicators           
	 PKR	/	irrigation	 614	 592	 493	 544	 535	(±444)	 0.07
	 PKR	/	irrigation	m3		 1.6ab	 1.9b	 1.3a	 1.5ab	 1.4	(±1.7)	 0.05
	 PKR	/	gross	m3	(rain	+	irrigation)		 1.3ab	 1.4b	 1.0a	 1.2ab	 1.1	(±1.1)	 0.05
Gross revenue based water productivity indicators          
	 PKR	/	irrigation	 1,580	 1,510	 1,430	 1,480	 1,480	(±580)	 0.16
	 PKR	/	irrigation	m3		 3.8	 4.3	 3.5	 3.7	 3.7	(±2.6)	 0.12











































Table 63. System-level profitability indicators (000 PKR/ha/year) by plot category (rice + wheat, aggregation before averaging).
        Conventional rice-wheat
    Adopters – ZT plot  Adopters – non ZT plot  Non-adopters  Disadopters  Overall
    (n=59)  (n=57)  (n=302)  (n=56)  (n=474)  Significance
Gross	revenue	(‘000	PKR/ha):	 81.0	 82.7	 78.8	 79.3	 79.6	(±13.6)	 NS
	 Rice	crop	 47.6	 47.7	 45.6	 45.8	 46.1	(±9.9)	 NS
	 Wheat	crop	 33.4	 34.9	 33.2	 33.5	 33.5	(±6.8)	 NS
Total	costs	(‘000	PKR/ha):	 56.8a	 59.4b	 60.6b	 60.0b	 59.9	(±6.5)	 .00
	 Rice	crop	 32.4	 32.2	 32.7	 32.1	 32.5	(±5.4)	 NS
	 Wheat	crop	 24.4a	 27.3b	 27.9b	 27.9b	 27.4	(±2.6)	 .00
Net	revenue	(‘000	PKR/ha):	 24.2c	 23.2bc	 18.2a	 19.3ab	 19.7	(±14.4)	 .01
	 Rice	crop	 15.2	 15.6	 12.9	 13.7	 13.6	(±11.1)	 NS
	 Wheat	crop	 9.0b	 7.7b	 5.3a	 5.6a	 6.1	(±6.6)	 .00
Benefit/cost	ratio	 1.44c	 1.40bc	 1.31a	 1.34ab	 1.34	(±0.26)	 .00
Data	followed	by	different	letters	differ	significantly	–	Duncan	(.10),	within	row	comparison.
Table 64. System-level financial water productivity indicators by plot category (rice + wheat, aggregation before averaging).
        Conventional rice-wheat   
    Adopters – ZT plot  Adopters–non ZT plot  Non-adopters  Disadopters  Overall
    (n=59)  (n=57)  (n=304)  (n=56)  (n=476)  Significance
Net revenue based water productivity indicators           
	 PKR	/	irrigation	 727	b	 659	ab	 523	a	 595	ab	 574	(±483)	 .01
	 PKR	/	irrigation	m3		 1.7	b	 1.9	b	 1.2	a	 1.4	ab	 1.4	(±1.5)	 .01
	 PKR	/	gross	m3	(rain	+	irr)		 1.3	b	 1.4	b	 1.0	a	 1.1	ab	 1.1	(±1.0)	 .01
Gross revenue based water productivity indicators          
	 PKR	/	irrigation	 2,430	 2,300	 2,220	 2,280	 2,270	(±770)	 NS
	 PKR	/	irrigation	m3		 5.2	 5.9	 4.9	 5.2	 5.1	(±2.9)	 .13

























































































7  Farm and regional impacts of zero-tillage
16	 Two	issues	should	be	noted.	First,	the	responses	only	reflect	a	subset	of	the	sample	(153	households,	comprising	89	adopters	and	64	disadopters).	
Second,	there	are	an	increasing	number	of	missing	responses.	Care	should	therefore	be	taken	in	interpreting	the	shares	presented	in	the	text	and	tables.
Table 65. Selected impact indicators of adoption of zero-tillage technology reported by plot category (adopters and disadopters only).
  Adopters  Disadopters  Sample mean   Significance
Farmer	spends	less	time	cultivating	wheat	after	adoption	ZT	(%	reporting)	 100%	 87%	 95%	(n=69+45	=114)	 NA
Reported	use	of	wheat	cultivation	time	saved	(%	of	those	reporting	savings)	 	 	 (n=69+39=108)	
	 Other	agricultural	activities	 62%	 56%	 60%	 NS
	 More	leisure	time	 48%	 39%	 44%	 NS
	 Other	non-agricultural	activities	 9%	 5%	 7%	 NS
	 Other	 6%	 5%	 6%	 NR
Farmer	spends	less	time	cultivating	rice	after	adoption	ZT	(%	reporting)	 16%	 3%	 10%	(n=38+30=68)	 NA
Family’s	income	has	increased	after	adoption	ZT	(%	reporting)	 79%	 49%	 67%	(n=56+33=89)	 .00























































































Table 66. Main changes that zero-tillage has brought to farming 
activities and families by adoption category (adopters and disadopters 
only) [categorized open responses to three main changes reported]. 
        Sample
    Adopters  Disadopters  mean 
Reported	changes	to	farming	activities	 (n=63)	 (n=30)	 (n=93)
(%	reporting)	
	 Time	saving	 48	 47	 47
	 Cost	saving	 33	 23	 30
	 Production	increase	 27	 23	 26
	 Water	saving	 18	 20	 18
	 More	time	to	finish	farming	 13	 17	 14
	 Concentration	on	other	farming	activities	 16	 10	 14
	 Labor	saving	 13	 7	 11
Reported	changes	to	family	(%	reporting)	 (n=38)	 (n=15)	 (n=53)
	 Income	increase	 37	 33	 36
	 Educational	expenditure		 29	 13	 25
	 Less	expenditure	 13	 13	 13
	 Less	labor	required	 8	 20	 11
	 Clothing	 11	 13	 11
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Annex 1. List of sample villages and sample breakdown
District  Tehsil  Village  Village #  Sample per village  Tehsil sample size  District sample size
Gujranwala	 Gujranwala	 Tatle	wali;	Thatta	Ghulab	Singh	Wahndo	 2	 8	 61	 114
		 		 Batala	Sharm	Singh;	Chak	Sada;	Disar	Bala;
	 	 Ludey	Wala	Guraye;	Maju	Chak	 5	 9
		 Nowsshera	 Bado	Rata	 1	 8	 53
		 		 48	virkan;	Baig	Pur;	Chak	Choudhry;
	 	 Mangoki;	Panjgrain	 5	 9
Hafizabad	 Hafizabad	 Mandrianwala;	Mangat	Nicha	 2	 7	 41	 41
		 		 Beriwala	 1	 8
		 		 Balkoon	Kalan	 1	 9
		 		 Jaidkey	 1	 10
Lahore	 Lahore	 Sundar	(Multan	Road)	 1	 8	 17	 17
		 		 Chak	No.	62	(Bath)	 1	 9
Mandi	Bahudin	 Mandi	Baha-ud-Din	 Sohava	Dilevan	 1	 2	 18	 44
	 	 Chak	11	 1	 7
	 	 Aidal	 1	 9
	 Phalia	 Basi	Kalan	 1	 8	 26
	 		 Bhagat;	Ragh	 2	 9
Sheikhupura	 Ferozewala	 Ahdian;	Dhamkey	(Sharaqpur	Road)	 2	 8	 57	 148
		 		 Pindi	Machian	 1	 9
		 		 Joyanwala;	Mondianwala	 2	 10
		 		 Mahay	Virkan	 1	 12
	 	Nankana	Sahib		 Tarkanwali	 1	 7	 51
		 	 Chan	Pur	Warbartan	 1	 8
		 	 Mora	Kalan	 1	 9
		 	 Nazar	Pacca	 1	 10
		 	 Pindi	Perran	di	 1	 17
		 Safdar	Abad	 Sheroky	 1	 15	 15
		 Sheikhupura	 Manga	 1	 11	 25
		 		 Kakargil	 1	 14
Sialkot	 Daska	 Bambanwala;	Dugri	Klan;	Kottli	Bakha;	Shamsa;		 5	 8	 94	 94
	 	 Tahkar	Mahay	
	 	 Bina;	Ghanookey;	Jando	Sahian;	Kotli	Nowshera;	 6	 9
	 	 Malianwala;	Zafar	Wali	Sambarial
Total	districts=6	 Total	tehsils=11	 Total	Villages=51	 	 	 	 Total=45862
Annex 2. Resource implications (time, diesel and monetary) of tillage operations by crop.
    Indicator
Traction  Operation  (per operation)  Rice  Wheat  Overall  Significance
Tractor	 Disc	plowing	 Time	(hr/ha)	 2.47	(n=74)	 2.23	(n=276)	 2.28	(±0.62,	n=350)	 0.00
	 	 Diesel	(l/ha)	 8.48	(n=74)	 9.78	(n=276)	 9.51	(±1.90,	n=350)	 0.00
	 	 Rental	cost	(PKR/ha)	 660	(n=71)	 645	(n=276)	 648	(±84,	n=347)	 NS
	 Dry	plowing	 Time	(hr/ha)	 1.20	(n=412)	 1.18	(n=434)	 1.19	(±0.34,	n=846)	 NS
	 	 Diesel	(l/ha)	 5.81	(n=412)	 5.54	(n=435)	 5.67	(±1.33,	n=847)	 NS
	 	 Rental	cost	(PKR/ha)	 359	(n=412)	 368	(n=435)	 364	(±40,	n=847)	 .00
	 Dry	planking	 Time	(hr/ha)	 0.77	(n=77)	 0.68	(n=435)	 0.69	(±0.17,	n=512)	 0.09
	 	 Diesel	(l/ha)	 3.05	(n=74)	 2.62	(n=435)	 2.68	(±0.61,	n=509)	 NS
	 	 Rental	cost	(PKR/ha)	 181		(n=70)	 188	(n=435)	 187	(±36,	n=505)	 NS
	 Wet	plowing	 Time	(hr/ha)	 2.43	(±0.66,	n=528)	 -	 -	 NA
	 	 Diesel	(l/ha)	 9.86	(±,1.38,	n=528)	 -	 -	 NA
	 	 Rental	cost	(PKR/ha)	 548	(±97,	n=528)	 -	 -	 NA
	 Wet	planking	 Time	(hr/ha)	 1.23	(±0.28,	n=528)	 -	 -	 NA
	 	 Diesel	(l/ha)	 5.27	(n=528)	 -	 -	 NA
	 	 Rental	cost	(PKR/ha)	 263	(n=528)	 -	 -	 NA
	 Planting	ZTD	 Rental	cost	(PKR/ha)	 -	 1048	(±151,	n=87)	 -	 NA




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Village and ZT Drill Owners Questionnaire 
 
Village Name _____________________________  Tehsil and District _________________ 
ZT-Promotion Status: Promoted / Non-Promoted 
 
1)  No. of households in the village      ______________________ (No) 
Ø  Farming households in the village       ______________________ (No) 
Ø  Non-farming households in the village    ______________________ (No) 
2)  Area of the village (squares)        ______________________ (No) 
3)  Total village population        ______________________ (No) 
4)  No. of Tractors in the village       ______________________ (No) 
5)  No. of Threshers in the village      ______________________ (No) 
6)  No. of Disc plows in the village      ______________________ (No) 
7)  No. of ZT drills in the village       ______________________ (No) 
Ø  In 2002-03           ______________________ (No) 
Ø  In 2003-04           ______________________ (No) 
Ø  In 2004-05           ______________________ (No) 
8)  Land rent (Rs./acre)          ______________________ (No) 
9)  Rental changes of ZT drill        ______________________ (No) 
Ø  In 2002-03           ______________________ (No) 
Ø  In 2003-04           ______________________ (No) 
Ø  In 2004-05           ______________________ (No) 
10)  Disc ploughing charges        ______________________ (No) 
11)  Water charges (Rs./acre/season) 
Ø  Kharif season          ______________________ 
Ø  Rabi season           ______________________ 
12)  Transport charges    Wheat ____________Rice_________FYM___________ 
 
13)  Drill Use Trends (Acres) 
  2004-05  2003-04  2002-03  2001-02  2000-01 
Owner-1:           
Own Farm           
Others Farms           
Owner-2:           
Own Farm           
Others Farms           
Owner-3:           
Own Farm           
Others Farms           
Owner-4:           
Own Farm           
Others Farms           
Owner-5:           
Own Farm           
Others Farms           
 
Annex 5. Questionnaire for village surveyISBN: 978-970-648-157-3
Apdo. Postal 6-641, 06600 Mexico, D.F. Mexico
www.cimmyt.org